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ABSTRACT: Studied in this paper were the effects of three concentrations of four
different pesticides (two herbicides — Ro-Neet and pyramin, one insecticide — lindan and
one fungicide — mankogal) on the growth of pure cultures of three Azotobacter chroococ-
cum strains. The lowest and highest concentrations used in the study were ten times lower
and ten times higher than the concentration used in actual agricultural practice (in the field),
respectively. The pesticides had different effects on the growth of the Azotobacter chroo-
coccum strains. All three strains of Azotobacter chroococcum grew unimpeded regardless of
the pyramin, Ro-Neet-a and lindan concentration, whereas all three mankogal concentrations
caused growth inhibition to occur in the three strains, which can, therefore, be deemed
highly susceptible to the fungicide mankogal.
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INTRODUCTION
In the last few decades, numerous soil microorganisms have been found
to have a positive effect on plant development. Besides the well-known symbi-
otic nodular bacteria, free nitrogen fixers in the rhizosphere can also stimulate
plant growth or reduce the damage causes by soil-borne plant pathogens
(Kloepper e tal., 1989). Azotobacter has been used as a potential nitroge-
nous fertilizer to increase suger beet yield (Martin, 1986, Steinberga
et al., 1996, Mrkovaåki e t al., 2001).
Whether pesticide treatments exert a significant inhibitory effect on root
colonization by these PGPRs will be indicated by the impact on plant produc-
tion, since the pesticide effects will be reduced.
Herbicide combinations control weeds and increase sugar beet yield to a
significant degree. According to Glušac a n d Draÿiã (1982), Ro-Neet +
Pyramin should be the first choice when selecting the herbicide combination
for basic treatments preceding sugar beet sowing. Sugar beet producers often
apply herbicides based on cycloate (Ro-Neet, Cycloate, Cycloherb) and chlori-
23dazon (Pyramin FL, Pyramin turbo) prior to sowing with incorporation (M a -
lidÿa a n d Glušac, 1999).
Some herbicides used in agriculture can be harmful to Azotobacter chroo-
coccum. Glyphosate herbicides have been shown not only to inhibit the nitro-
gen fixation process in Azotobacter chroococcum but also to reduce the bacte-
rium's respiration rate by 60% and hence preclude its positive effects (S a n -
tos a n d Flores, 1995).
Concerning the environmental importance of A. chroococcum, a study has
been carried out with a popular herbicide called pendimethalin that established
a connection between A. chroococcum and a transformational process that bre-
aks down this herbicide into non-toxic products, thus demonstrating that the
bacterium is important not only for agriculture but for the environment as
well. Pendimethalin was efficiently degraded by A. chroococcum (45% after
10 days, 55% after 20 days) (Kole e t al., 1994).
Insecticides affect soil microorganisms and their biochemical processes
related to soil fertility and can stimulate Azotobacter growth (D a s and
Mukherjee, 1998).
The objective of the present study was to determine the effects of two
herbicides, one insecticide and one fungicide on the growth of pure cultures of
Azotobacter chroococcum under laboratory conditions.
MATERIALS AND METHODS
Used in this study were three highly effective strains of A. chroococcum
(5,8 and 14) isolated from the rhizosphere of sugar beet at Rimski Šanåevi.
The strains had been taken from the collection of nitrogen-fixing microorgan-
isms maintained at the Institute of Field and Vegetable Crops in Novi Sad
(NSCNFB).
The strains were grown in a liquid Fjodor medium at pH = 7 and 30°C.
Cell density in the inoculum was 1012 per ml of culture.
The lowest pesticide concentration in the study was ten times lower than
the concentration used in field conditions (1). The other concentrations used
were the field concentration itself (2) and a concentration ten times higher
than that (3). The field concentrations per 300 l of water per hectare are 4 l
for Ro-Neet and pyramin, 5 l for lindan, and 600—850 g/100 kg of seed for
Mankogal.
Pesticide effects (Ro-Neet, Pyramin-herbicides; Lindan-insecticide and Man-
kogal-fungicide) were studied by the diffusion method in Petri dishes adding
0.1 ml of each concentration on a ∅ 10 mm paper disk. Prior to that, sterile
disks were placed on the surface of the medium that had been inoculated with
an A. chroococcum strain before being poured into the dishes. Five replicates
were made for each of the pesticides. Each Petri dish contained one pestici-
de-free disk that was used as the control. Bacterial growth readings were re-
corded after 48 h of growth in a thermostat at 30°C.
24RESULTS AND DISCUSSION
The study has shown that the herbicides and insecticides involved had no
negative effect on the growth of A. chroococcum strains 5,8 and 14, i.e. no in-
hibition of growth was recorded. The fungicide, however, did have a negative
effect on the growth of the strains regardless of the concentration.
Balajee a n d Mahadevan (1990) reported that the herbicide 2,4-D
and its degradation products, p-chlorophenoxy-acetic acid and p-chlorophenol,
were utilized by A. croococcum as the sole carbon source. Nitrogenase activity
was stimulated by the chloroaromatics.
Martinez Toledo e ta l .(1991) studied the effects of the herbicide
simazine on the biological activity of A. chroococcum. The herbicide was fo-
und to have no effect on A. chroococcum microbial growth on either the stan-
dard medium, dialysed soil medium or sterilized soil. Nevertheless, the presen-
ce of 50—300 mg of simazine per one milliliter of culture or one gram of soil
did have a stimulating effect on A. chroococcum nitrogen fixation in non-steri-
le and sterile conditions alike. When microorganisms are grown in the presen-
ce of simazine, the cells have a higher ATP content than the control.
Quadruple herbicide doses had a slight inhibitory effect on an Azotobac-
ter population in wheat (Singh e tal., 1996), while the number of Azotobac-
ter cells two and 14 weeks after herbicide application dropped as a result of
the same (Piskorz, 1998).
Abul Kalam a n d Banerjee (1995) reported very slight inhibition
of A. vinelandii growth after the application of a fungicide (tridemorph). Still,
a study of the effects of five herbicides, two insecticides, and 12 fungicides on
A. chroococcum growth and nitrogenase activity has shown fungicides, especi-
ally Captan and Ziram, to be the most toxic of all three types of pesticide
(Vannini e tal., 1992). The organophosphorous insecticides profenofos and
chloropyrifos reduced the number of aerobic nitrogen fixers and significantly
decreased nitrogen fixation (Martinez Toledo e t al., 1992; Pozo e t
al., 1995), while 0.12 pmol/ml of supercypermetrine (the active ingredient)
from the insecticide nerametrine EK-15 completely inhibited nitrogen fixation
in A. chroococcum ( Cernakova, 1993).
Results have shown that resistance to pesticides is a trait common to all
strains of A. chroococcum. Reduced resistence with increased pesticide con-
centration was recorded in particular with Aldrina (Gupta e t al., 1994).
A progressive increase of an Azotobacter sp. population until the third
application of the insecticide carbofuran showed that the applications stimula-
ted nitrogenase activity and the abundance of nitrogen-fixing bacteria in the
rhizosphere of rice (Kanungo e t . al., 1995).
The results of our study are in agreement with those cited above, i.e. we
found the analyzed strains of Azotobacter chroococcum to be resistant to her-
bicides and insecticides and to show inhibition of growth as a result of fungi-
cide application.
25Table 1. — Growth of A. chroococcum strains as affected by different pesticide concentrations
Pesticide Concentration A. chroococcum
strain 5
A. chroococcum
strain 8
A. chroococcum
strain 14
Pyramin 1 + + +
2+++
3+++
ø+++
Ro-Neet 1 + + +
2+++
3+++
ø+++
Lindan 1 + + +
2+++
3+++
ø+++
Mankogal 1 — — —
2 ———
3 ———
ø+++
1 — 10 x lower than conventional concentration
2 — conventional concentration (Ro-Neet and Pyramin-41/ha; Lindan 51/ha; Mankogal
600—850 g/100 kg)
3 — 10 x higher than conventional concentration
ø — control (pesticide-free disk)
+ positive culture growth around disk and — inhibited culture growth around disk
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Rezime
U radu je ispitan efekat tri koncentracije åetiri razliåita pesticida
na rast åistih kultura tri soja Azotobacter chroococcum. Korišãena su dva her-
bicida — Ro-Neet i Pyramin, jedan insekticid — Lindan i jedan fungicid —
Mankogal. Najmawa koncentracija bila je deset puta mawa od one koja se kori-
sti u praksi (u poqu), a najveãa deset puta veãa. Dobijeni su razliåiti efekti
pesticida na rast sojeva Azotobacter chroococcum. Sva tri soja nesmetano su ra-
sla na sve tri ispitivane koncentracije Pyramin-a, Ro-Neet-a i Lindana, dok je
Mankogal u sve tri ispitivane koncentracije izazvao inhibiciju rasta kod sva
tri soja. Ispitivani sojevi veoma su osetqivi na fungicid Mankogal.
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